quent in the PASSOS cohort. When making therapy decisions, the cardiac risk profile should be carefully monitored and taken into account.
and the Rhine-Neckar region was published recently [7] . The authors investigated determinants of incident cardiovascular diseases in breast cancer survivors and reported implications regarding prevention strategies. The authors observed an increased risk for cardiovascular diseases which was positively associated with age, body mass index, and intake of aromatase inhibitors (hazard ratio (HR) 1.42, confidence interval (CI) 1.09-1.84).
In the following analysis, pre-existing cardiac diseases and risk factors were evaluated in 3,496 breast cancer patients from a retrospective epidemiological cohort study [8, 9] . We examined the prevalence of cardiac diseases and cardiovascular risk factors at the time of breast cancer diagnosis, i.e. before the onset of oncological therapy. Furthermore, we compared the prevalence of pre-existing cardiac diseases and risk factors in breast cancer patients with the general female population in Germany. Such a comparison has not been reported before.
Patients and Methods
Study Population: PASSOS Heart Study A total of 11,982 breast cancer patients were recruited at the University Medical Centers Mainz and Ulm as well as 16 associated Ulm network clinics [10, 11] . Women were eligible for participation in the study if they were diagnosed with primary breast cancer between 1998 and 2008 with no metastases at the time of diagnosis and had undergone breast surgery. The cohort comprised information on all clinically relevant therapies. In a mortality follow-up, the vital status as well as the recorded cause of death were determined up until December 31, 2012 [8] .
In addition to treatment and diagnostic data, information from anesthesia protocols were recorded in the 2 study centers Ulm and Mainz if breast surgery was performed. The anesthesia protocols comprised basic data on preoperative conditions, premedication, information on cardiac comorbidities, and cardiovascular risk factors at the time of breast cancer diagnosis. The information was recorded by the treating physicians.
Study Population: DEGS1
For a prevalence comparison between the PASSOS heart study and the general female German population, data from the 'German Health Interview and Examination Survey for Adults' (DEGS) were used. The study is part of the health monitoring by the Robert Koch Institute (RKI). The first wave of the survey (DEGS1) was conducted between 2008 and 2011 and included both interviews and medical examinations. The target population comprised participants living in Germany aged between 18 and 79 years. Interviews and an additional medical examination were performed on 7,238 participants [12] . Information on cardiovascular diseases was collected only in subjects over 40 years of age (n = 5,901), which included 3,110 women who were eligible for our comparison with patients from the PASSOS heart study [13] .
In order to ensure comparable age ranges, 3,496 breast cancer patients between 40 and 79 years of age at the time of diagnosis who had undergone breast surgery were eligible for a prevalence comparison. Variables considered for the prevalence comparison are given in table 1.
Statistical Methods
The distribution of age, year of diagnosis, and tumor stage are presented for both the Mainz and the Ulm study center. Relative frequencies for dichotomous outcomes (myocardial infarction, coronary heart disease, angina pectoris, stroke, arterial hypertension, hyperlipoproteinemia, diabetes mellitus, and overweight or obesity) were reported for women aged 40-49, 50-59, 60-69, and 70-79 years. In addition, crude and age-standardized prevalences were calculated. Prevalences were calculated as percentages of participants who had been identified as having the outcome in relation to the total number of all participants (answered 'yes' compared to 'no', 'unknown', or missing data) with 95% CI. Age standardization was performed based on the general female German population in 2011 (census 2011, Federal Statistical Office, call date: 14/07/2016, data license by-2-0).
For categorical variables, number and percentages of patients are presented. Percentages are based on all observations including missing values. In DEGS1, angina pectoris was only evaluated if coronary heart disease was present. Similarly, the prevalence of angina pectoris in breast cancer patients only includes patients with coronary heart disease. Missing values for angina pectoris are only reported in patients with coronary heart disease, not in patients without coronary heart disease as these patients were not interviewed with regard to the occurrence of angina pectoris in DEGS1.
Differences in the presence of possible risk factors and pre-existing cardiovascular diseases between breast cancer patients and the female general popula- Multivariate Cox regression was used to investigate the association between prior cardiovascular risk factors and the overall mortality risk. HRs and corresponding 95% CI were estimated. The analysis was adjusted for the potential confounders age at diagnosis and tumor laterality and stratified for a prior diagnosis of cardiac illness.
A comparison between breast cancer patients, deceased before 2013, and the general German population was conducted as a sensitivity analysis.
Results
A total of 3,496 breast cancer patients aged between 40 and 79 years who had undergone breast surgery were considered for the prevalence comparison. Median age was 58.9 years at breast cancer diagnosis. The majority of patients in the Mainz and Ulm study centers were diagnosed after the year 2000 (table 2 ). In accordance with the inclusion criteria which ensured recruitment of patients without metastases, a favorable stage of breast cancer was observed in the PASSOS cohort. Tumor stage T1 was reported in 52.8% of the patients from Mainz and in 44.5% of the patients from Ulm. Node-negative status was observed in 60.1 and 54.7% of patients in Mainz and Ulm, respectively (table 2) .
After age standardization, the overall prevalence of coronary heart disease was 3.96% in PASSOS patients, compared to 5.18% in the general female population. The age-standardized prevalence of myocardial infarction was 2.06 versus 1.81%, that of angina pectoris was 0.37 versus 1.03%, and that of stroke was 2.64 versus 2.34%. 6.75% of the PASSOS patients versus 7.25% of the general female population had at least one cardiac disease prior to the oncological treatment (table 3) .
Overall, cardiac disease prevalence increased with increasing age, both in PASSOS patients and in the general female population ( fig. 1, table 3 ). However, a comparison of both study populations within individual age groups showed diverging patterns. In women aged 60-69 years, a lower prevalence of coronary heart disease and myocardial infarction was observed in PASSOS patients compared to the control population (coronary heart disease: 4.16 vs. 8.45%, heart attack: 1.99 vs. 2.9%). The prevalence of non-fatal myocardial infarction was higher in breast cancer patients aged 70-79 years compared to the DEGS1 population (heart attack: 7.04 vs. 4.71%). Only few cases were observed in younger women in both study populations; therefore, no conclusions can be drawn for coronary heart disease and myocardial infarction (table 3).
The incidence of angina pectoris was consistently lower among breast cancer patients across all age groups ( fig. 1 ). The incidence of stroke was consistently higher among breast cancer patients for women aged between 40 and 69 years ( fig. 1 ).
Cardiovascular risk factors were overall lower or in some way comparable across all age groups. After age standardization, the prevalence of arterial hypertension was 35.15% in breast cancer patients and 38.49% in the general female population. For hyperlipoproteinemia, the respective values were 28.28 versus 34.84%. The age-standardized prevalence of diabetes mellitus was 7.55 versus 8.94%, the prevalence of overweight or obesity was 51.77 versus 66.92%. The age-standardized prevalence of the presence of at least one of the cardiovascular disease risk factors was 69 and 80.92%, respectively (table 4) .
The prevalence of cardiovascular risk factors (arterial hypertension, hyperlipoproteinemia, diabetes mellitus, and overweight or obesity) rose with increasing age in both study populations ( fig. 2,  table 4 ). Lower prevalences were observed for arterial hypertension in breast cancer patients across all age groups, while the hyperlipoproteinemia prevalence was lower in women aged over 50 years, with more pronounced differences in the age groups 60-69 and 70-79 years (60-69: 35.29 vs. 48.17%, 70-79: 38.02 vs. 53.22%). Diabetes mellitus prevalence was lower in breast cancer patients between the ages of 40 and 49 years (1.53 vs. 5.1%), while no differences were found in women older than 50 years. 'Overweight or obesity' were observed less often in breast cancer patients across all age groups. The proportion of women who were overweight or obese increased with increasing age.
Discussion
For our prevalence comparison, we considered 3,496 breast cancer patients from the PASSOS heart study between the ages of 40 and 79 who were recruited at the hospitals in Mainz and Ulm. The prevalence of pre-existing cardiac diseases and risk factors de- termined at the time of breast cancer diagnosis were compared to those in a subset of the DEGS1 study population representative of the general female population. Lower prevalences of coronary heart disease and angina pectoris were observed in breast cancer patients. Overall, only slight differences were observed for the prevalence of myocardial infarction and stroke between the 2 study populations (table 2) .
The risk factors arterial hypertension, hyperlipoproteinemia, diabetes mellitus, and overweight or obesity were observed less often in breast cancer patients (table 4). Differences were more pronounced for arterial hypertension and hyperlipoproteinemia than for diabetes mellitus.
Merzenich et al. [8] showed that a prior diagnosis of cardiac illness increased the overall mortality risk. A modified multivariate analysis to investigate the association between prior cardiovascular risk factors and the overall mortality risk showed that the presence of any cardiovascular risk factor was positively associated with an increased overall mortality risk (HR 1.21, 95% CI 1.06-1.37).
In summary, breast cancer patients in our cohort had a more favorable health status with regard to cardiac diseases and cardio- f Information on angina pectoris DEGS was assessed only if coronary heart disease was diagnosed. Prevalences reported in PASSOS were derived accordingly. Numbers in italics: Non-overlapping CIs. DEGS1 = German Health Interview and Examination Survey for Adults; CAPI = computer-assisted personal interview; N = population size in age groups; n = outcome frequency in age groups; CI = confidence interval. Comparisons of cancer survivors to similarly aged persons with no cancer history are based on the assumption that there are no physiologic or sociodemographic differences between both groups. However, the incidence of breast cancer is known to be higher among women of higher socioeconomic status compared to the general population, which might be associated with less cardiovascular risk factors and a healthier lifestyle [14] .
The data extracted from anesthesia protocols used in the PAS-SOS heart study is based on self-reported information provided by patients. This information was documented by physicians. As the risk factor assessment is essential for subsequent surgery, we expect an overestimation rather than an underestimation of reported frequencies. However, self-reported information is prone to wellknown limitations, and therefore misclassification of the prior disease status and the presence of risk factors as well as residual confounding through the impact of other factors is likely. The DEGS1 study obtains its information from voluntary self-reporting by 'healthy' subjects in a representative population sample. In particular, self-reports on personal health could lead to a distortion of the actual prevalence; it is possible that interviewed subjects do not recall a disease despite an existing diagnosis. In addition, an existing disease may not (yet) have been discovered. Since prevalences re- ported in the general population tend to be even higher than those found in breast cancer patients, underreporting of diseases and risk factors in the general population is unlikely. An additional sensitivity analysis based only on breast cancer patients deceased before 2013 revealed a higher burden of pre-existing cardiac diseases and cardiovascular risk factors compared to the general population.
Comparison with Results from the Literature
Only few studies dealing with cardiovascular diseases in breast cancer patients already present before breast cancer diagnosis and treatment have been conducted [7, 15, 16] . There are indications of possible adverse effects on postoperative survival. Janssen-Heijnen et al. [16] showed a greater impact of pre-existing comorbidities on overall survival than on postoperative complications. Huang and Camp [15] reported a moderate impact of risk factors such as diabetes mellitus, hypertension, overweight, and smoking on the targeted outcomes such as complications and unplanned additional surgeries. If all risk factors were combined into a categorical exposure variable indicating the number of risk factors present, a sig- Numbers in italics: Non-overlapping CIs. DEGS1 = German Health Interview and Examination Survey for Adults; CAPI = computer-assisted personal interview; N = population size in age groups; n = outcome frequency in age groups; CI = confidence interval. nificantly increased risk was associated with an increasing number of risk factors. The authors recommended documenting existing cardiovascular diseases in order to better assess risks during surgery and to optimize the treatment of breast cancer patients. Crude prevalences reported for cardiovascular diseases and obesity or overweight in another large population-based cohort study on breast cancer patients in Germany (MARIEplus study) were in line with percentages in the general German population and therefore higher than in the PASSOS study population [7] . The prevalence of hypertension (37.4%) was lower compared to the general German population as well as compared to the PASSOS study population (45.5 and 48.7% of women aged >50 years).
Strengths and Limitations

Strengths
As part of the large-scale multicenter PASSOS heart study, extensive information on cardiovascular health of breast cancer patients was systematically recorded. The detailed data allow a comparison of the frequencies of cardiac diseases and risk factors between breast cancer patients and the general female German population. Such a comparison has not yet been performed. DEGS1 is a nationwide, population-representative study that allows for generalizations of the reported prevalences for the adult population in Germany.
Limitations
The PASSOS heart study considers anamnesis data collected between 1998 and 2008. The first wave of the DEGS1 survey was conducted between 2008 and 2011. Gößwald et al. [13] showed that prevalences reported in 1998 (BGS98) only slightly differed from those reported in DEGS1. In this respect, we do not expect any distortion of results due to the choice of a more recent comparison population.
Stang et al. [17] reviewed age-standardized prevalences of arterial hypertension, diabetes mellitus, and obesity across German federal states in the context of a selective literature search and screening of official statistics. In this comparison, prevalences of arterial hypertension and diabetes mellitus were in the median range in Baden-Württemberg and Rhineland-Palatinate, as is also shown in our comparisons.
Being overweight is a recognized risk factor for postmenopausal receptor-positive breast cancer [18] . Our data show a lower prevalence of being overweight or obese in breast cancer patients compared to the general female population. In the study by Stang et al. [17] , the second lowest prevalence of obesity was observed in Baden-Württemberg, which may explain the difference observed in our study: study participants from the PASSOS heart study were recruited in Mainz and Ulm. The different prevalence may furthermore be caused by differences between cities and rural areas.
Smoking habits could not be considered in our analysis since smoking information was not documented at the time of diagnosis. Data from subsequent follow-up examinations are less suitable for our analysis due to the time-delayed recording. The prevalence of smoking at the time of diagnosis would likely be more conservative if we used follow-up data, since patients may change their habits following a breast cancer diagnosis.
Finally, our study results might be influenced by only considering patients who received breast cancer surgery. These women might have a different cardiovascular risk profile compared to patients who were not recommended for surgery possibly due to a worse cardiac health status. However, this possible bias is negligible since this medical situation applies to only rare cases (personal communication).
Conclusion
The improved prognosis in breast cancer patients increases the relevance of investigating potential comorbidities and cardiovascular risk factors. Breast cancer therapy is associated with an increased risk of cardiovascular late effects [6] . It is therefore important to consider any prior cardiac diseases for prevention purposes. Pre-existing cardiac diseases and cardiovascular risk factors are common in both study populations, being slightly less frequent in the PASSOS cohort than in the general female population in Germany. Cardiovascular diseases, prevalent before the oncological therapy, should be carefully monitored and taken into account when making therapy decisions, and interventions should be adapted accordingly on an individual basis.
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